Simplified models have become a widely used and important tool to cover the more diverse phenomenology beyond constrained SUSY models. However, they come with a substantial number of caveats themselves, and great care needs to be taken when drawing conclusions from limits based on the simplified approach. To illustrate this issue with a concrete example, we examine the applicability of simplified model results to a series of full SUSY model points which all feature a smallτ -LSP mass difference, and are compatible with electroweak and flavor precision observables as well as current LHC results. Various channels have been studied using the Snowmass Combined LHC detector implementation in the Delphes simulation package, as well as the Letter of Intent or Technical Design Report simulations of the ILD detector concept at the ILC. We investigated both the LHC and ILC capabilities for discovery, separation and identification of all parts of the spectrum. While parts of the spectrum would be discovered at the LHC, there is substantial room for further discoveries and property determination at the ILC.
Introduction
In full SUSY models, the higher states of the spectrum can have many decay modes leading to potentially long decay chains. This means that the simplified approach does in general not apply beyond the direct NLSP-production case, which renders the interpretation of exclusion limits formulated in the simplified approach non-trivial. Furthermore, also many production channels may be open, making SUSY the most serious background to itself. This becomes an issue especially for interpreting a future discovery of a non-SM signal.
We take as an example the regions in parameter space which gained the highest likelihood in fits to all pre-LHC experimental data within the constrained MSSM [1] . These fits preferred scenarios with a small mass difference of about 10 GeV between theτ -NLSP and theχ 0 1 as LSP, as illustrated by the likelihood distribution in the left panel of Fig. 1 . Within the context of the cMSSM, this region is ruled out by LHC searches. However this exclusion is based on the strongly interacting sector, which in constrained models is coupled to the electroweak sector by GUT-scale mass unification. Without the restriction of mass unification, the part of the spectrum which is of interest to electroweak and flavor precision observables and dark matter, ie. which is decisive for the fit outcome, is not at all in conflict with LHC results. This applies in particular to theτ 1 with a small mass difference to the LSP, which is essential to allow efficient (co-)annihilation of dark matter to lower the predicted relic density to its observed value: Although first limits on directτ pair production from the LHC have been presented [2, 3] , they rapidly loose sensitivity if theτ is not degenerate with theẽ andμ, and has a small mass difference to the LSP.
The right part of Fig. 1 shows the low mass part of an example spectrum which fulfills all constraints, including a higgs boson with SM-like branching ratios at a mass in agreement with the LHC discovery within the typical theoretical uncertainty of ±3 GeV on MSSM higgs mass calculations. The full definition and further information can be found in [4] . When the 1st and 2nd generation squarks and the gluino are rather heavy, 2 TeV, the size of the total SUSY cross-section at the LHC strongly depends on the mass of the lightest top squark. We therefore consider a series of points, called STC4 to STC8, whose physical spectra differ only by thet 1 mass. In this series, the mass parameter of the partner of the right-handed top quark, M U 3 , is varied from 400 to 800 GeV at a scale of 1 TeV, resulting in mt 1 300...700 GeV 1 .
The full spectrum of STC4 is shown in Fig. 2 . The dashed lines indicate the decay chains of the various sparticles. In the left part of the figure, only decays with a branching ratio (BR) larger than 90% are shown, while the right part includes all decays with a branching fraction of at least 10%. The grey-scale of the lines indicates the size of the branching ratio. Only very few particles, namely the 1st/2nd generation squarks, the sneutrinos and the lighter set of charged sleptons have decay modes with 100% BR. In particular the stop and sbottom, but also the electroweakinos have various decay modes, none of them with a BR larger than 50%. This plethora of decay modes makes it challenging to separate the various production modes and identify each sparticle. Even if not all of them can be addressed on the timescale of the Snowmass process, the final goals of this study comprise the following questions for both LHC and the ILC in the example of the STC scenarios:
• Which signature will lead to the first discovery of a discrepancy from the SM? How much integrated luminosity and operation time would be needed for this?
• Which production modes of which sparticles contribute to this signal? Can we tell how many these are? And which masses and quantum numbers they have?
• Which other signatures will show a signal? And again: Can one find out which production modes contribute?
• Which observables (masses, BRs, cross-sections) can be measured with which precision?
• Can we show that it is SUSY?
• Can we show that's the MSSM (and not eg. the NMSSM)?
• Can theχ 0 1 be identified as Dark Matter particle?
In the next section, we will describe the phenomenology of our benchmark models at the LHC and summarize the obtained simulation results. In section 3, we will do the same for the ILC case, before we give our conclusions.
Large Hadron Collider Studies
The discovery potential of the LHC for the STC scenarios introduced above is described in this section. Here we study the LHC at 14 TeV with 300 fb −1 accumulated luminosity and 50 pileup (PU) events. Next steps would be to study these scenarios with 3000 fb −1 and a pileup of 140 events, and a future proton-proton collider with 33 TeV.
The cross sections for the signal models have been calculated at leading order with Pythia8 [5] , and for most subprocesses at next-to-leading order with Prospino2.1 [6, 7] . As Prospino offers only cross section calculations up to 14 TeV, a private patch has been applied to calculate the cross sections at 33 TeV. The inclusive cross sections for the four different models at different LHC energies are summarized in Fig. 3(a) . The mass of the stop quarks rises from model STC4 to STC8 subsequently from 293 GeV to 735 GeV, reducing the cross section for stop production significantly, while the production cross section of the electroweak particles stays roughly the same. Already in STC5 the cross section for direct stop production is smaller than the one of chargino-neutralino production. The cross section of the different subprocesses for the model STC8 are shown in Fig. 3(b) . A table with the cross-sections of the dominant subprocesses for all four scenarios can be found in the appendix.
The stops predominantly decay to top quarks and the lightest neutralino (54%), or to bottom quarks and the lightest chargino (46%). Here, the chargino decays mainly toτ 1 and ν τ (70 %) or τ andν τ (10%), where the latter decays 93% invisibly. This situation suggests different possible strategies to search for stop production:
• In the case that both stops decay viat 1 → tχ 0 1 , the tt plus missing transverse energy final state can be searched for either with no or one lepton. The sensitivity of these channels will be investigated in sections 2.2 and 2.3, respectively.
• In the case that both stops decay viat 1 → bχ ± 1 , searches for events with two b-jets and missing transverse energy could be sensitive since the decay products of the charginos are expected to be very soft. This case has been investigated recently by ATLAS [8] , and therefore we studied the event yield expected from this analysis in the case of STC4, as described in section 2.1. Due to time reasons we did not yet investigate the propects of this analysis at 14 TeV.
• The largest branching fraction would be covered by the mixed caset 1t1 → tχ 0 1 bχ ± 1 [9] . Currently to our knowledge such a signature is not targeted by any existing LHC search. Due to time reasons we could not develop a dedicated analysis in the context of this study either, but this decay mode is expected to be covered to some extent by the fully hadronic ttχ The sbottom mass is only slightly higher than the stop mass in scenario STC8, and will be produced with almost similar cross section in this scenario. Especially the analysis of the full-hadronic final state would also be sensitive to direct sbottom production, as the sbottom decays most of the time (58%) to a bottom quark and the lightest neutralino. With high statistics (3000 fb −1 ) it might even be possible to see slight differences in the energy spectrum of the b-tagged jets, a slightly harder spectrum is expected from the sbottom decay, but this has not yet been studied here.
The electroweak particles are very hard to identify at the LHC, as they mainly decay to final states containing rather soft tau leptons, but nevertheless we will present search prospects for electroweakino production in section 2.4.
For all analyses, signal and background are generated with Delphes 3.0.9 [10] as used by all Snowmass analyses [11, 12] . The efficiency of the reconstructed objects (muons, electrons, jets, etc.) is defined by Snowmass specific Delphes card files. In case of pileup, the fast jet correction is applied with active area correction [13] . The jet energy resolution and the resolution for the different pileup scenarios is shown in the Appendix.
While the experiments usually try to estimate the background from data to the largest possible amount, we restrict ourselves here to a simple estimation based on the simulation of the above mentioned processes.
Systematic uncertainties have been considered in terms of a conservative and an optimistic scenario, which assume global uncertainties on the background expectation of 25% and 15%, respectively, for the stop searches. The search for the electroweak particles with the same-sign analysis is expected to suffer more from the systematic uncertainties (due to the less well-known cross section of the di-boson production and analysis-specific problems like isolation in high pileup and identification of fake leptons), therefore we assume here uncertainties of 30% and 20%, respectively. For the extrapolation to 3000 fb −1 we expect that the systematic uncertainties will be further reduced, especially as the backgrounds are determined from data, where higher statistics will decrease the uncertainty on the background estimation. Here we assume an uncertainty of 10% for all analyses. [8] based on a simplified model approach. Taking the obtained limits at face-value would lead to the conclusion that the STC4 point is excluded by this search. However, as discussed above, the concurring decay modes as well as the exact decay modes and mass splittings need to be taken into account correctly. Therefore, we reimplemented this analysis as closely as possible into the Snowmass analysis framework based on the Delphes detector simulation program and evaluated the expected signal yield for STC4 for 12.8 fb −1 at 8 TeV, following the selection requirements of the ATLAS analysis. We show our results in Table 1 in comparison with the experimental results from ATLAS. The signal regions SR3a and SR3b with a b-tag veto on the leading jet are not included since they are even less sensitive for our model, and we only show STC4 which has the highest stop production cross-section of our series of points. It can be easily seen from Table 1 that this ATLAS analysis is not able to exclude STC4. Table 1 : Number of signal events for the model STC4 after a selection as described for an ATLAS analysis performed on 12.8 fb −1 of data recorded at a center-of-mass energy of 8 TeV. The detailed cut-flow is described in the ATLAS note [14] and m CT is the boost-corrected contransverse mass [15] .
Description
Signal 
Stop search with full-hadronic final states
In the followig we define a simple hadronic cut-and-count search without leptons at 14 TeV sensitive for our model points. The cut flow is summarized in Table 2 . The main backgrounds in this search are:
• tt + jets
• W+jets
• Single top production
• Z+jets with Z→ νν
• QCD multijet production Several kinematic variables are exploited to separate the signal from background. We calculate the missing transverse energy E miss T as the vectorial sum of pileup subtracted jets with p T > 20 GeV and |η| < 2.5 and leptons with p T > 5 GeV and |η| < 2.5. Another variable to separate signal from background is the minimum angle ∆Φ min between the leading jets and E miss T , which is small for QCD multi jet background, while signal leads preferably to larger values. The scalar sum of jets with p T > 20 GeV and |η| < 2.5 added to the missing energy, which is called m eff = H T + E miss T , can separate events with higher mass SUSY particles from Standard Model processes. In this analysis we use the ratio of E miss T and m eff calculated with the three leading jets. After the large E miss T requirement the QCD multijet background is expected to be negligible.
The cutflow for the inclusive signal and background events for 14 TeV center-of-mass energy and 300 fb −1 is summarized in Table 3 for no pileup and in Table 4 for 50 pileup events. 
> 750 GeV Figure 4 shows two control plots after the application of a part of the selection requirements as described in Figure 4 : The scalar sum of the jets H T after jet and b-jet requirements and lepton veto (a) and the missing transverse energy (b) after the full-hadronic event selection for 50 pileup events. The full histograms describing the backgrounds are stacked, and the four inclusive signal models are shown as dotted lines (not stacked).
We assume two cases for the systematic uncertainty: 25% and a more optimistic scenario of 15%. It is possible to see an excess due to the signal for the direct stop and sbottom production subprocess for all four scenarios, but only for STC4 and STC5 a significance of more than 3σ can be observed if the background uncertainty is around 15% or lower. Due to the smaller stop production cross section in the models STC6 and STC8 they are more challenging, as the background is higher, but it might still be possilbe to raise the significance if the selection and background determination is further developed. The pileup does not have a large influence here.
Stop search with final states including one electron or muon
In addition to the full-hadronic decay channel, we also investigate the discovery reach for stop decays including one electron or muon in the final state with an analysis similar to the currently performed analysis by CMS [16] on the 2012 data. The main backgrounds in this search are: Table 4 : Cutflow: number of events for the inclusive signal samples and several important backgrounds for the full-hadronic stop analyses with 300 fb • tt + jets
• W+jets
• Z+jets (with one lepton not identified)
The dominant W and tt backgrounds can be controlled efficiently by analyzing the event kinematics. For this purpose two additional kinematical variables are introduced: M T and M W T 2 [17] . The transverse mass, defined as
allows to reject events with leptonically decaying W bosons, while the M W T 2 variable, defined as the minimum 'mother' particle mass compatible with all the transverse momenta and mass-shell constraints, M W T 2 = minimum m y consistent with:
exploits the event topology to reject semileptonic tt events. By construction, M W T 2 has an endpoint at the top mass for the dilepton tt background.
For events with two identified b jets the calculation relies on the correct pairing of the lepton and the b jets. For events with only one identified b jet one of the none b-tagged jets has to be included. The definition 2 is therefore extended by minimizing over all possible lepton, jet, and b-jet combinations within an event.
The missing transverse energy E miss T is calculated as for the fully hadronic case 2.2, and similar the minimum angle ∆Φ min which is now calculated for only the two highest p T jets.
An overview of the event selection is given in Table 5 . A cutflow with these requirements is given in Table 6 for no pileup and in Table 7 for 50 pileup events. Figure 5 contains the M T distribution after all lepton and jet requirements (a) and the lepton transverse momentum (b) after the M T requirement. Table 5 : Overview of the event selection requirements for the leptonic direct stop search.
Description
Selection Exactly 1 lepton e or µ with p T > 30 GeV no other e/µ with p T > 10 GeV Number of jets n ≥ 4 with p T > 40 GeV b-tagged jets 1 or 2
As an alternative to M W T2 for suppressing the dileptonic top background we consider the topness variable as defined in [9] . The unknown lepton momenta, i.e. the lost electron or muon and the two neutrinos, are reconstructed by numerically minimizing a χ 2 -expression that also takes into account the invariant mass of the tt system. We have applied the different parameters, i.e. resolution terms, as given in [9] and did not optimized for the 14 TeV and high pileup case. We also cut on the p T asymmetry between the lepton and the leading b jet
In Table 7 both methods are compared for the case of 50 pileup events. Topness in general performances well. Typically, it has a higher selection efficiency compared to M W T2 and improves the discovery potential (section 2.5) in most cases.
All the above kinematic variables are sensitive to pileup but the sensitivity can be mitigated by adjusting the jet and lepton p T cuts. The high momentum lepton from the stop decay provides an additional handle to select stop decays in a high pileup environment. After all selection requirements, the analysis is sensitive to all four models with 300 fb −1 . While this analysis, containing one lepton which is expected to originate from a top decay, is especially sensitive to decays containing top quarks, the full-hadronic analysis is also sensitive to decays containing only bottom decays. By comparison of these two analyses it will be possible to draw some conclusion on whether a stop or sbottom decay is observed in data. 
Search for decays of the electroweak subprocess pp →χ
Once stop production is discovered, it needs to be clarified whether the stops are accompanied by sleptons and/or electroweak bosinos, which could very well hide at lower masses. Therefore, we study here the possibility to explore the electroweak spectrum of the investigated models. Current analyses [18, 19] do not have the power to see any of the four studied models, as the processes of interest cannot be excluded by simplified models that assume a 100% branching ratio ofχ We are here investigating a final state containing two same-sign leptons, where only electrons and muons are taken into account. These are expected in case of leptonic τ decays of the above particles, where one lepton of theχ 0 2 decay is lost, and the other one has the same charge as the lepton from theχ ± 1 decay. The lepton is softer than in the previous analysis, as can be seen from Fig. 6 , which displays the transverse momentum of the leading lepton of the same-sign pair.
The main backgrounds originate from (di-)vectorboson+jets events. Background from tt can rarely occur from dileptonic decays, where the charge of an electron is reconstructed wrongly (we did not study whether such effects are simulated properly in Delphes), or from semileptonic top decays, where a second lepton originates from the b decay and is (in rare cases) isolated. Typically, such a background can be reduced by tightening the isolation criterium, which is not possible for the Snowmass Delphes samples. Also tt production in association with a vectorboson can lead to a same-sign signature. All backgrounds containing 4.7 Table 9 : Cutflow: number of events for the inclusive signal samples and several important backgrounds for the same-sign di-lepton analysis targeting electroweak particles with 300 fb Figure 6 : The lepton transverse momentum of the leading lepton of the same-sign pair in the electroweakino analysis. The full histograms describing the backgrounds are stacked, and the four inclusive signal models are shown as dotted lines (not stacked).
Z bosons are reduced by rejecting events that, after applying looser electron and muon selection criteria, contain an OSSF pair within 15 GeV of the Z boson mass ('Z-veto'). Tables 8 and 9 summarize the expected number of events for this analysis at the LHC with a center-of-mass energy of 14 TeV and an integrated luminosity of 300 fb −1 . After the requirement of two same-sign leptons, the SM background is strongly reduced, though this effect is reduced in the case with 50 pileup events. The number of events in the signal regions differ for the different models. The difference is reduced if one requires zero b-tags, but then the significance of the signal is reduced as well. The b-tag requirement renders a clean elektroweakino signal, as can be seen by the fact that final event yields for all model points are similar. The expected systematic uncertainty is worse for this analysis compared to the stop analyses in current data, therefore we assume a larger uncertainty also for 300 fb −1 .
In summary, the signal is at the edge of visibility, and a 5σ discovery requires an understanding of the background to better than 5%. A deviation from the analysis design from [18] , can improve the sensitivity for our signal points but probably only at the cost of a higher stop contamination. Once a signal is observed, the selection requirements would have to be developed further, and also 3-lepton final states should be taken into account to enhance the significance. If more than the expected number of events are observed with this analysis, it would be a hint for additional electroweak production, which then could be determined further at the ILC. But based on the current studies, it could also be possible that the electroweakinos remain burried below the background and its systematics. This is an example where the ILC would serve as discovery machine, and with its precise measurements could help to narrow the LHC analyses such that a signal could also be extracted from the LHC data.
LHC projections in view of luminosity and systematic uncertainties
In this section we summarize the results of the three performed analyses (in the case of 50 pileup events) and compare the sensitivity (in terms of standard deviations σ) for exclusion or discovery of the STC models. We use the observed number of events as test statistics, corresponding to a pure counting experiment. A discovery with a certain significance can be claimed if the background-only hypothesis can be excluded at this significance:
Here, S and B are the respective numbers of events expected for signal and (SM) background at a certain integrated luminosity. The significance for exclusion of the signal-plus-background hypothesis is defined analoguosly, but replacing B by S + B in the above formula.
As already indicated in the cutflow tables, the assumptions on how well systematic uncertainties can be controled will be decisive. Figure 7 shows the discovery and exclusion sensitivities as a function of the relative systematic uncertainty, based on an integrated luminosity fixed to 300 fb −1 . It leads to the following observations 2 :
• Already at 300 fb −1 , all three searches are limited by systematics in all scenarios.
• The 1-lepton analysis as the cleanest selection is the most robust one against systematic uncertainties, but also this search is systematically limited for uncertainties larger than 10%.
• The 1-lepton analysis can discover the STC4 , STC5 and STC6 scenarios with at least 5σ if the systematics can be controlled better than 20% to 35%. Discovery of STC8 needs precision better than 12%.
• In case of the 0-lepton analysis, systematic uncertainties smaller than 18% (STC4) to 5% (STC8) are needed for a 5σ discovery. However in case of small systematics, potentially much larger sensitivities can be reached than with the 1-lepton analysis.
• The same-sign di-lepton analysis is most fragile with respect to systematic uncertainties. Exclusion or discovery requires a control of the systematics to at least 10% or 7%, respectively.
• In case of the same-sign di-lepton, the sensitivity is very similar for all four scenarios, remaining differences reflect the available MC statistics. This demonstrates that indeed the same-sign di-lepton analysis selects electroweakino production, which is the same in all four scenarios, with rather little contamination by the strongly varying stop production. Figure 8 shows the discovery sensitivity of all three analyses as a function of the integrated luminosity for two different assumptions on the systematic uncertainties: 25% or 15% (30% or 20% for the 2-lepton analysis). Sensitivity numbers for additional values of the systematic uncertainty can be found in the cutflow tables. A thorough estimate of the achievable precision for each analysis is beyond the scope of this study, so we leave it to the judgement of the reader which scenario to consider the most realistic. We draw the following conclusions:
• In case of 25% systematic uncertainty, the 1-lepton analysis will be the first -and only -analysis which allows a stand-alone 5σ discovery of STC4 after accumulating 45 fb −1 . STC5 and STC6 are at the edge of discovery.
• In all other scenarios and analyses no 5σ discovery is possible assuming an uncertainty of 25%, even with 3000 fb −1 .
• Assuming a modelling of all backgrounds at the level of 15% is possible, the first discovery will move to the 0-lepton analysis in case of STC4, requiring not even 15 fb −1 at 14 TeV!
• Staying with 15% systematic uncertainty, STC5 and STC6 would be first discovered in the 1-lepton search after accumulating 100 fb −1 .
• STC8 would first -and only -be discovered in the 1-lepton analysis with 1000 fb −1 , again assuming a systematic uncertainty of 15%.
• No analysis would gain significantly from a luminosity increase to 3000 fb −1 . Only the 1-lepton analysis may improve, if the systematic uncertainties can be controled beyond the 15% level. Figure 9 finally gives the same set of plots for the case of exclusion sensitivity. 2 The statistical uncertainty of these reults are dominated by the statistical uncertainty of our signal samples which is typically in the order of 10%. • In case of a systematic uncertainty of 15%, all models can be excluded by the 1-lepton analysis, and with the exception of STC6 and STC8 in the 0-lepton analysis. The required integrated luminosities for exclusion at 95% CL range from less than 2 fb −1 (STC4, 0-lepton) to a few 100 fb −1 .
• The electroweakino sector of the STC models cannot be excluded with any amount of integrated luminosity, including 3000 fb −1 .
• The stop sector of STC4 would be excluded by the 0-lepton analysis, requiring only little more than 2 fb −1 (15% systematics).
• Stop production in STC5 and STC6 would be first excluded by the 1-lepton analysis with 30 fb −1
(again 15% systematics). STC8 could be excluded at 80 fb −1 in this case.
• In case of 25% systematics, STC8 would not be excluded by any of the analyses at any luminosity.
Of course these results are based on only three cut based analyses which could be implemented and roughly optimised during the time available with respect to the Snowmass study. Further optimisation is most probably possible. With increasing luminosity, the optimal working point of the analyses is likely to be found for harder cuts, since a purer selection is less vulnerable to systematic uncertainties. On the other hand this means cutting further out in the tails of distributions, where the relative systematic uncertainties might be larger. It should also be noted that the extrapolation to 3000 fb −1 is done here under the assumption of 50 pileup events 3 .
Nevertheless the potentially large impact of systematic uncertainties on the discovery of difficult signatures should be taken note of. At some point, better control of backgrounds might be more important than increase in luminosity. Furthermore precise knowledge of the lower lying states (e.g. the EWKinos, but also the sleptons) from a Linear Collider could predict the decay chains of the heavy states, including their kinematics, and thus give important input to the study of the heavier states (e.g. stop /sbottom) at the LHC.
International Linear Collider Studies
At the ILC running at E cms = 500 GeV, all sleptons and the lighter set of electroweakinos of the STC scenarios can be produced.χ 0 3 andχ 0 4 become accessible in associated production around E cms = 600 GeV and in pair production at around E cms = 850 GeV, along withχ ± 2 pair production. The cross sections are sizable -only one of the kinematically allowed processes would have a production cross section below 1 fb for both beam polarization configurations. The total SUSY cross section is over 3 pb in both cases. Figure 10 shows the polarized cross sections for various processes as a function of the center-of-mass energy in linear and logarithmic scale.
Although theτ 1 is the NLSP, almost all electroweakinos have sizable branching fractions to other final states than the notoriously difficult τ -lepton. This also means that signatures with electrons or muons in the final state can originate either from slepton or electroweakino production. The ability to operate at any desired center-of-mass energy between 200 and 500 GeV (or even 1 TeV) and to switch the sign of the beam polarizations are unique tools to identify each of these processes. The low SM background levels allow in many cases a full and unique kinematic reconstruction of cascade decays.
First observation channels
The first channel to manifest itself at the ILC depends on the assumed running scenario. If the ILC starts out as a Higgs factory at E cms = 250 GeV, then e + e − →τ 1τ1 andχ 0 1χ 0 1 γ would be the first observable channels, whileẽ R andμ R pair production is just beyond reach. The measurement of theτ mass however 
would be challenging close to threshold, since both upper and lower edge of the τ -lepton energy spectrum would be in the region affected by background from multi-peripheral two-photon processes.
On the other hand, the LSP mass and pair production cross-section could be measured at least with a few percent precision from the energy (or recoil mass) spectrum of the accompanying ISR photons [22] . The left part of Fig. 11 illustrates the precision achievable on the neutralino mass from a template fit 4 . Since the neutralino pair production is dominated by t-channel selectron exchange, the mass of the lighter selectron and its helicity can be determined from the measurement of the polarized cross-sections.
As soon as the center-of-mass energy is raised past the pair production threshold for right-handed sleptons, in our case when E cms 270 GeV, the e + e − + missing 4-momentum signature would see a striking signal within a few days. Figure 11 shows the SM and all SUSY contributions to this signature after a simple event selection on just 10 fb −1 of data at E cms = 500 GeV, which corresponds to one week of data taking at design luminosity.
The cross-section forμ R pair production is much lower due to the absence of a t-channel. Still theμ R mass can be determined to ∼ 200 MeV by scanning the production threshold near 270 GeV [23] , as illustrated by Fig. 12 . Note that this can be improved to ∼ 10 MeV in the continuum ifχ 0 2χ 0 2 is accessible andχ 0 2 has a non-vanishing branching fraction toμ R µ, cf. below.
Sleptons and Electroweakinos in the Continuum
Several of the channels in the slepton and electroweakino sector are being studied, or have been in the past in very similar models, assuming only a moderate amount of integrated luminosity of 500 fb −1 at E cms = 500 GeV unless stated otherwise. This corresponds to two years of ILC operation at design parameters. [20] . Right: Momentum spectrum of events with e + e− and missing 4-momentum. The assumed luminosity of 10 fb −1 corresponds to one week data taking at design luminosity. From [21] .
Theτ -Sector
Especially inτ -coannihilation scenarios, a precise determination of theτ sector is essential in order to be able to predict the expected relic density with sufficient precision to test whether theχ 0 1 is indeed the dominant Dark Matter constituent. The capabilities for precision measurements in theτ sector have been studied in full detector simulation [24] . It was shown that theτ 1 mass could be determined to 200 MeV, and theτ 2 mass to 5 GeV from the endpoint of the τ -jet energy spectrum as illustrated in Fig. 13 .
Production cross section for both these modes can be determined at the level of 4%, and the polarization of τ -leptons from theτ 1 decay, which gives access to theτ andχ 0 1 mixing 5 , could be measured with an accuracy better than 10%, eg. from τ → π + ν τ decays. Fig. 14 illustrates an additional possibility to determine the τ -polarization from decays to ρ-mesons (τ → ρ + ν τ → π + π 0 ν τ ). In this case, the observable R = E π /E jet can be used to measure the τ -polarization to ±5% by a fit of the templates in Fig. 14 to the data.
Final States with Electrons and Missing Four-momentum
As already illustrated by Fig. 11 , the selectron pair production cross section is huge in our scenario due to the t-channel neutralino exchange, allowing a very precise determination of the masses and polarised cross sections in a short time. They give important information on the neutralino mixing, since eg. in case of light higgsinos the t-channel would be strongly supressed by the small electron Yukawa coupling. In particular, if both beams are given right-handed polarizations, only the e + e − →ẽ RẽL process is possible. As this reaction proceeds exclusively via neutralino exchange in the t-channel, it's size gives insight to the neutralino mixing [25] . Figure 15 shows the muon energy distribution for all events with two muons from SM and SUSY processes, before any selection in full simulation of the ILD detector. The striking peak in the SM distribution at the beam energy originates from e + e − → µ + µ − . The SUSY contributions (scaled only by a factor of 10 or 100 to be visible at this fully inclusive stage) arise fromμ LμL → µµχ τ 1τ1 with τ decays to muons and others. We will show in the following that all these contributions can be disentangled and identified.
Final States with Muons and Missing Four-momentum
For theμ L case, Fig 16 shows zooms into the edge reagions of the muon energy spectrum after a dedicated selection. From the edge positions, theμ L mass can be determined to 400 MeV [26] .
The even smaller contribution fromχ decay toμ R µ (or equivalently toẽ R e), even if the branching ratio is at the level of a few percent like in our example point. These cascade decays can be fully kinematically constrained at the ILC, and would promise to yield even lower uncertainties on thẽ µ R andẽ R masses than the threshold scans, of the order of 25 MeV. This is estimated on an earlier study in a scenario with about twice as large branching ratios for the considered decay mode, where a precision of 10 MeV [27] was found. The corresponding distribution of the reconstructedμ R mass is shown in the left part of Fig. 18 , including all SM and SUSY backgrounds. Even the dominating decays toτ 1 τ can be constrained as shown in the right part of Fig. 18 , and could yield comparable results to a threshold scan. 
Dark Matter Relic Density
A final goal would be to perform a closure test on the neutralino Dark Matter hypothesis. This can be achieved by using all available collider observables to determine the SUSY parameters and to predict the relic density based on the assumption that theχ This has been studied in [28] for the SPS1a scenario, which is very similar to our benchmark points apart from the squarks and gluinos. This means that the projections used for the LHC observables might be too optimistic for the much heavier colored sector in our scenario. This might be partially cancelled by the fact that pre-LHC projections turned out to be rather conservative in many cases. However for the prediction of the relic density, the colored sector is of less importance, while it depends crucially on the electroweak sector, and in particular the LSP andτ 1 properties, which are almost identical between SPS1a' and our scenarios. Figure 19 shows the relic density obtained in mSugra and MSSM18 fits to many toy experiment outcomes of LHC and ILC measurements. It shows that the ILC measurements allow to predict Ω CDM h 2 in the MSSM18 case almost as precisely as in mSugra with only 4 free parameters (and one sign) in stead of 18 parameters. The LHC alone would leave a comparison with cosmological observations at an inconclusive and thus unsatisfactory level. This example beautifully illustrates the complementarity of the two machines. Figure 16 : Determination of theμ L mass from edges in the muon energy spectrum. Left: lower edge; Right: upper edge. From [26] .
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Conclusions
We have presented a series ofτ -coannihilation scenarios based on the pMSSM, which is compatible with all known experimental constraints. It illustrates that the phenomenology of full models can be significantly more subtle than suggested by the simplified model approach. Especially thet 1 masses of this series, ranging from ∼ 300 to ∼ 700 GeV seem to be excluded by current LHC limits in simplified models. However we showed that due to many different long decay chains the actual analyses are not yet sensitive to these scenarios.
At LHC14, the observability of the considered model points in terms of a deviation from the Standard Model depends strongly on the systematic uncertainty on the background. In fully hadronic stop searches or stop searches with one lepton, STC4, STC5 and STC6 could be discovered provided that the systematic uncertainty on the background does not exceed about 20%. Discovery of STC8 as well as electroweakino production in any of the scenarios requires systematic uncertainties at the few percent level. Larger statistics, like the LHC high-lumi running (3000 fb −1 ) can be exploited only if the systematic uncertainties are low enough, roughly in the few percent region. While the stop searches are rather robust against pileup, the effect of considering 50 pileup events is clearly visible in the electroweakino searches. The simulation results with 140 pileup events support these observations (appendix 6.3)
For the scenarios with lighter stop masses, stop pair production amounts up to ∼ 90% of the total SUSY cross section. At the 2nd highest considered stop mass, electroweakino production is already dominant. We could f) Figure 18 : Reconstruction of slepton masses fromχ 0 2χ 0 2 →llll in SPS1a, which has a very similar spectrum to our case. Left: reconstructedμ R mass. Right: reconstructedτ 1 mass. From [27] . not yet investigate how well contributions from these and other open channels (eg. sbottom production) can be disentangled from each other and how well properties of individual sparticles can be measured.
At the ILC, nearly all sleptons and electroweakinos are accessible either in pair or associated production, several of them would be most likely discoveries in view of the LHC studies summarised above. We gave a brief summary of some of the existing studies on spectroscopy in our scenario(s) and also older studies of points with a very similar electroweak part of the spectrum, like SPS1a' or SPS1a. In particular for SPS1a it has been shown in previous studies that ILC precision is mandatory to achieve a satisfactory precision on the predicted Dark Matter relic density. Figure 19 : Ratio of the predicted value of Ω pred h 2 to the nominal value of Ω SPS1a h 2 in the SPS1a scenario for a variety of Fittino Toy Fits without using Ω CDM h 2 as an observable. From [28] . The anticipate predictions for LHC and ILC measurements are compared to current and projected cosmological observations.
Appendix

Resolution of the jet momentum
We investigate the jet momentum for the three different pileup scenarios. Reconstructed jets are matched to generator level jets with the criterium ∆R < 0.5, where the distance parameter ∆R = ∆η 2 + ∆φ 2 is used to match the closed generator level jet. We define the resolution as (p 
Comparison of signal cross sections
The main production processes at the LHC running at a center-of-mass energy of 14 TeV are summarized in Table 10 . The subprocess with the largest cross section in model STC4 is direct stop production. The stops predominantly decay to top quarks and the lightest neutralino (54%), or to bottom quarks and the lightest chargino (46%). Here, the chargino decays mainly to tau and neutrino (70 %), suggesting analyses searching for tops in the final state, either with one or no lepton.
The mass of the stop quarks rises from model STC4 to STC8 subsequently from 293 GeV to 750 GeV, reducing the cross section for stop production significantly, while the production cross section of the electroweak particles stays roughly the same. The latter are very hard to identify at the LHC, as they mainly decay to final states containing tau leptons. The following pages show the cutflows for simulations with 140 pileup events. The selections are identical to the three cases discussed in section 2. Some of the cuts are adapted to the larger statistics assuming 3000 fb −1 at 14 TeV. 
